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Abstract. We describe the results of observations of galaxy clusters conducted 
with ISOCAM on-board the Infrared Space Observatory. Our research is aimed 
at understanding the processes driving galaxy evolution in dense environments, 
free from the bias of dust extinction. The results reveal quite a complex picture: 
the star-formation activity of cluster galaxies does not show a simple evolution 
with redshift, but also depends on the dynamical status and evolutionary history 
of the clusters. 
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1. Introduction 

Many lines of evidence (e.g. 
van Do kk^im fc Franx I Il99fit iLewis et al. I 
2002.^) indicate that the stehar populations 
of galaxies in cluster cores are old, with 
most of their stars formed at high redshifts. 
There is nonetheless observational evidence 
suggesting that at least a fraction of the 
cluster galaxies were more active in the 
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past, namely: (a) the fraction of blue clus- 
ter galaxies increases with redshift - the 
so-call ed 'Butcher-Oemler' (BO, here after) 
effect llRutcher fc Oemler n97S[rifl84^. and 
(b) the fraction of e arly-type clusters de- 
creases with redshif t (jDressler et al. I[l997t 
iFasano et al. 1 12000") . Presumably, both the 
colour and the morphological evolution of 
the cluster galaxy population derive from 
the transformation of blue spirals into SO's, 
as they fall in t o clus ters from the field 
IjKateert et al. I l2003(l . Several physical 
mechanisr ns could operate this trans forma- 
tion (e.g. lOkamoto fc Naerashima I |20O3), 
all resulting in the galaxy gas depletion, 
and a decrease of the star formation (SF) 
activity. Some of these processes induce a 
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Fig. 1. Left-hand panel: histogram of the SFRs of the A2218 cluster galaxies de- 
tected with ISOCAM. Right-hand panel: The average spectral energy distribution of the 
ISOCAM-detected A2218 cluster galaxies. The sohd line indicates the best-fit GRASIL 
model (a passive elliptical). 



starburst phase before the gas depletion, 
and some do not. 

In order to obtain an unbiased picture 
of the evolutionary history of cluster galax- 
ies, it is important to observe them in the 
infrared (IR). In fact, dust can mask on- 
going SF in a galaxy, and the amount of 
extinction increases with the amount of SF 
(e.g. Silva et al. 1998). In this paper we 
present the results of the mid-IR (MIR) ob- 
servations of three galaxy clusters. 



2. The data-set 

The MIR data used in this paper come 
partly from a survey - des cribed in de- 
tail in ' Metcalfe et al. I l|20n,^ ) - conducted 
with ISOCAM onb oard the Infrared Spac e 
Observatory (ISO) IjCesarskv et al. II1996J) . 
and partly from the ISO archive. A de- 
tailed description of the data reduction, 
so urce d etection and photometry, is given 
in iMetcalfe et al. (2003') . The three clus- 
ters considered here are A2218, A2219, and 
C10024-hl654. A2218 and C10024-H1654 
have been imaged in two (wide) ISOCAM 
filters, LW2 and LW3, centered at 6.7 and 
14.3 iim, respectively; only the LW3 filter 
has been used for the A2219 field. 

These three clusters span a redshift 
range 0.175-0.395, and the physical ar- 



eas covered by observations vary from 
0.8 X 0.8 Mpc^ (A2218 and A2219) to 
2x2 Mpc^ (C10024-h 1654)1. The final data- 
set contains MIR detections of 43 cluster 
members. The limiting sensitivities reached 
were 34 and 95 /iJy at, respectively, 6.7 
and 14.3 //m, in the A2218 field, and 468 
and 160 /iJy at 14.3 fim in, respectively, 
the A2219, and C10024+1654 field. 

The cluster membership is established 
by cross-correlation of the MIR sources 
with catalogues of optical and near-IR 
sources from the literature. The optical and 
near-IR data were also used to define the 
spectral energy distributions (SEDs, here- 
after) of the ISOCAM sources, which were 
the n fit with a batte ry of GRASIL mod- 
els IjSilvaet al. II1998D . The best-fit models 
were then used to compute the galaxy to- 
tal IR luminosities, from which the SF rates 
(SFRs hereafter) were derived using the re- 
lation of iKennicutt ■ ((199^. 

3. Results 

A2218 is a massive cluster of galax- 
ies (1.0. s. velocity dispersion ay ^ 1400 
km s^i) at a mean redshift z — 0.175. We 
detected 27 MIR cluster members, most of 
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Fig. 2. Left-hand panel: histogram of the SFRs of the C10024-f 1654 cluster galaxies 
detected with ISOCAM. Right-hand panel: The average spectral energy distribution of 
the ISOCAM-detected C10024-I-1654 cluster galaxies. The sohd hne indicates the best-fit 
GRASIL model (an aged starburst). 



them at 6.7 /im only. The left-hand panel 
of Figure 1 shows the distribution of SFRs 
for the 27 A2218 cluster sources; most of 
them have negligible SFRs. As a matter of 
fact, the SEDs of most MIR-selected clus- 
ter members decline from the near-IR to 
the MIR, and are best fit by GRASIL mod- 
els of aged, passively evolving ellipticals. 
This is best seen in the average SED for the 
27 cluster sources, shown in the right-hand 
panel of Figure 1, built by normalizing 
each source SED with its _ff-band flux den- 
sity. The solid line is the best-fit GRASIL 
model, an aged, passively-evolving ellipti- 
cal. The MIR emission of most A2218 clus- 
ter sources is the Rayleigh- Jeans tail of the 
pho tospheric emission f rom cold stars (see 
also lBoselli et al.1ll997l for galaxies in the 
nearby Virgo and Coma clusters). 

Among the 27 mid-IR cluster sources, 
7, however, do show evidence of some 
SF activity. These are among the faintest 
ISOCAM-detected cluster members in the 
optical and near-IR. Hence, even if their 
SFRs are smah (< 5 Mq yr'^), their IR 
luminosities are comparable or even higher 
than their near-IR and optical luminosities. 
SF activity therefore seems to be still on- 
going in the less massive cluster members 
(reminiscent of the 'downsizing' effec t de- 
scribed in, e.g.. lPoggianti et al. Il2004|^ . 



A2219 is a massive cluster of galaxies 
with a velocity dispersion very similar to 
that of A2218, and a slightly higher mean 
redshift (z — 0.225). Three cluster mem- 
bers were detected; they all display signif- 
icant SF activity, with SFRs between 10 
and 24 M© yr'^. Their SEDs are best fit by 
models of massive spiral galaxies, or of aged 
starbursts. At variance with what we saw in 
A2218, here the strong MIR emission of the 
A2219 cluster galaxies implies they contain 
a significant amount of dust that re-emits 
an intense stellar radiation field in the IR. 

C10024+1654 is a cluster at z = 0.395, 
with a velocity dispersion of ~ 900 km s~^. 
In total, 13 cluster sources were detected 
at 14.3 /xm. They all show a substantial 
amount of SF activity, as can be seen from 
their SFR distribution shown in the left- 
hand panel of Figure 2. Their SEDs are 
best fit by models of massive (young) spi- 
rals, or aged starbursts. This is best seen 
from the right-hand panel of Figure 2, 
where we show the average SED of the 13 
MIR cluster sources, with the best-fitting 
model (an aged starburst galaxy) overlaid. 
Note the very different shape of this SED 
and of the average SED of A2218 clus- 
ter members (Figure 1). As in A2219, also 
in C10024-hl654 the IR emission of MIR- 
selected cluster galaxies probably arises 



A. Biviano et al.: Clusters of galaxies in the mid-infrared 



from an intense stellar radiation field ab- 
sorbed and re-emitted by dust. 

Interestingly, the spatial distribution of 
the MIR cluster members in C10024+1654 
is significantly different from that of the 
optically-selected cluster members, the for- 
mer being less centrally concentrated. This 
suggests that the MIR cluster galaxies are 
a distinct population from the other mem- 
bers of this cluster. 



4. Conclusions 

We detected 43 MIR emitting galaxies, 
members of three clusters. In one of them, 
A2218, just as in several n earby clusters 
(see also lBoselli et al. Il997l) . most mid-IR- 
selected galaxies have negligible or small 
SFRs, and the IR emission is the Rayleigh- 
Jeans tail of cold stellar photospheres. 
However, in both A2219 and C10024-f 1654, 
the detected MIR sources have high SFRs, 
several tens Mq yr~^, and their emission 
is likely to come mostly from dust re- 
processed stellar radiation (although we 
cannot exclude an AGN contribution in 
some of them) . Comparing their SFRs with 
those derived from optical lines, it is found 
that up to 90% of their SF activity is hid- 
den by dust. 

At first, it might seem that we are seeing 
an IR analogue of the BO effect, since the 
average SFR of MIR cluster galaxies seems 
to increase with the mean redshift of the 
cluster. However, not all MIR star-forming 
cluster galaxies are part of the BO popu- 
lation, and a fraction of them are actually 
found along the main colour-magnitude se- 
quence of passive early- type galaxies. Their 
red colour is however not an indication of 
an aged stellar population, but of signifi- 
cant dust extinction. 

It is important to understand why there 
is such a spread of the average SFR of clus- 
ter galaxies among different clusters. Part 
of the difference likely arises because of 
the different surveyed areas. Since the MIR 
cluster galaxies with high SFRs seem to 
avoid the inner cluster regions, we could 
have missed this population in, e.g., A2218. 



However, the surveyed area of A2219 is 
comparable to that of A2218, and yet 
the MIR populations of the two clusters 
have different SFR-distributions. Probably, 
cluster properties other than their red- 
shifts play an important role in determin- 
ing the average SFR of cluster galaxies. 
In fact, A2218 and C10024-I-1654 are lo- 
cated at the same redshifts as, respec- 
tively, A1689 and A370, yet their member 
galaxi es have very different SFR distribu - 
tions IJDuc ct al. 1 120021 ICoia et al. Il2004|) . 
iBek ki (2001) suggested that the disturbed 
gravitational tidal field induced by an in- 
falling sub-cluster might trigger SF in clus- 
ter galaxies. However, all three clusters 
considered here show evidence of substruc- 
tures. It seems likely that the SF proper- 
ties of cluster galaxies are determined not 
only by the dynamical status, but also by 
the dynamic al history of their cluster (see 
iBiviano et al. l2004l for a thorough discus- 
sion). 
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